A noninvasive method for quantifying hydration status would be helpful for clinical management and for research applications in dogs. This prospective, experimental, pilot study aimed to assess the feasibility of ultrasonographic measurement of the caudal vena cava to aorta ratio as a method for quantifying volume depletion in dogs. In 12 normal beagle dogs, furosemide was administered intravenously at a dose of 1 mg/kg, every 2 h, for 8 h, to induce consecutive volume depletion.
INTRODUCTION
Dehydration is a state commonly encountered in animal patients with decreased fluid intake, resulting from anorexia or increased fluid loss via urinary and gastrointestinal routes. 1 Current standard methods for determining the dehydration status of an animal involve evaluation of the physical examination data, history, and results of a few simple laboratory tests, however this approach has been questioned due to inaccuracies. 1, 2 Therefore, numerous studies for developing evaluation methods with reliability and accuracy have been introduced in veterinary as well as human medicine. [3] [4] [5] [6] [7] [8] The ratios of the diameters of the inferior vena cava and aorta based on ultrasonography have been previously reported as useful and noninvasive parameters for evaluating dehydration and have been shown to correlate with hydration status in human patients. [8] [9] [10] [11] Several radiographic studies for evaluation of hydration status have reported that the caudal vena cava size is decreased in dogs with hypovolemic status. 12, 13 And in one recent study, a correlation between systolic pressure variation and the caudal vena cava to aorta ratios in anesthetized hypovolemic dogs was evaluated. 14 degree of dehydration in a sample of normal dogs, and to describe a standardized scanning position for recording these measurements in volume-depleted dogs.
MATERIALS AND METHODS

Animals
The study was a prospective, experimental, pilot design. Twelve intact male adult beagle dogs were used in this study. The sample size was determined based on the maximal number approved by animal care and use ethics committee. The mean age of the group was 21.4 months (range: 17-27 months), and body weight was 10.2 kg (range: 7.8-12.4 kg). The inclusion criteria were no abnormal findings on physical examination, clinical history, complete blood cell count, serum biochemistry, and systolic blood pressure measurement. Auscultation, thoracic radiography, and echocardiography were conducted to exclude dogs with cardiac disease, particularly right congestive heart disease, which can influence the caudal vena cava diameter. Right lateral and ventrodorsal thoracic radiographs were acquired using a digital radiography system (Titan 
Volume depletion protocol
Consecutive volume depletion was induced by administration of furosemide (Lasix R , Handok Co., Ltd., Seoul, Korea) at a dose of 1 mg/kg intravenously, every 2 h, for a total of four times. Every 30 min after administration of furosemide, as well as before its initial administration, blood samples were collected for measurement of packed-cell volume and total protein and albumin levels. The time point before furosemide administration was appointed as "Time 0", and the time points after the first, second, third, and fourth administrations of furosemide were appointed as "Time 1", "Time 2", "Time 3", and "Time 4", respectively. Physical examination was also performed by three expe- was assessed at the buccal mucosa. Body weight was measured each time after the urinary bladder was emptied using Foley catheters (10Fr, Yushin medical Co., Ltd., Bucheon, Korea).
After completion of the protocols, isotonic normal saline (0.9%, Daehan medical Co., Ltd., Ansan, Korea) was administered until the subject had recovered a normal hydration status (defined as a resolution of the clinical signs associated with dehydration status and return of body weight to the baseline measurements).
Modified dehydration scoring system and group classification
A modified dehydration scoring system was derived for quantitative evaluation of dehydration status. 15 Calculation of the modified dehydration scoring system variables was performed by two authors (J.K. The group with clinical signs of dehydration was defined as dogs having a decreased skin turgor or another clinical sign score of at least two points on the modified dehydration score before decreased skin turgor appeared. The other group was defined as the group without clinical signs of dehydration. In the transverse plane of the caudal vena cava, the largest diameter was measured as the "width" and the maximal diameter, perpendicular to the largest diameter, was measured as the "height." The largest aortic diameter was measured in atrial systole, in millimeters.
Ultrasonographic measurement of caudal vena cava/aorta ratios
Only the inner wall of the caudal vena cava was traced to measure the area of the caudal vena cava and the aorta in square centimeters ( Figure 2 ). In the longitudinal plane of the caudal vena cava, the maximum diameter in atrial systole, and during expiration, was mea- 
Statistical analysis
All statistical analyses were performed by two authors (H.Y. and J.K.) using commercially available computer software (SPSS software, version 22, IBM Corporation, Armonk, NY). Simple regression models were used to identify linear correlations between the percentage of weight loss and caudal vena cava/aorta ratios. Beta estimates were calculated from the regression models to represent both the size and direction of correlations. The distributions of caudal vena cava/aorta ratios according to the presence of clinical signs of dehydration were evaluated using boxplots. MannWhitney tests were performed to identify significant differences in caudal vena cava/aorta ratios between the group with clinical signs and the group without clinical signs. All data were expressed as mean ± standard deviation. A P-value of less than 0.05 or 0.001 was considered statistically significant depending on the analysis. Measurements were recorded at four different time points. † USG, urine-specific gravity ‡ PCV, packed cell volume § SD, standard deviation.
RESULTS
Physical and biochemical parameters in volume-depleted dogs
Correlations between the percentage of weight loss and caudal vena cava/aorta ratios
TA B L E 1 Physical and biochemical parameters recorded in volume-depleted dogs at each time point
Differences in caudal vena cava/aorta ratios by clinical signs
There were statistically significant differences (P < 0.001) between the groups with and without clinical signs of dehydration for all caudal vena cava/aorta ratios ( Table 2 ). Box plots of data on the percentage of weight loss and caudal vena cava/aorta ratios display the distributions of caudal vena cava/aorta ratios in Figure 5 .
Discussion
In this study, a negative correlation between percentage of weight loss and caudal vena cava/aorta ratios was shown and volume-depleted which is based on clinical signs. 5, 9, 10 Our study also showed that there was a significant decrease in the caudal vena cava/aorta ratios of dogs that showed a decrease in skin turgor, or that did not show a decrease in skin turgor, but had other signs associated with dehydration. Based on these results, the TW/Ao, TH/Ao, TA/Ao, and L/Ao ratios could be regarded as a novel indicator for quantifying dehydration status in dogs.
In human medicine, it has been demonstrated that the diameter of the aorta remains stable during severe hypovolemic shock or dehydration, as compared with the decrease in the diameter of the IVC. 11 The F I G U R E 4 Linear correlations between the percentage of weight loss and the caudal vena cava to aorta ratios as follows: TW/Ao ratio (A), TH/Ao ratio (B), TA/Ao ratio (C), and L/Ao ratio (D). TW/Ao = the transverse width of the caudal vena cava to the diameter of the aorta ratio; TH/Ao = the transverse height of the caudal vena cava to the diameter of the aorta ratio; TA/Ao = the transverse area of the caudal vena cava to the transverse area of the aorta ratio; L/Ao = the longitudinal maximal height of the caudal vena cava to the diameter of the aorta ratio results of decreases in the aorta and caudal vena cava diameters in this study were similar to those obtained in previous studies ( Figure 6 ). [8] [9] [10] Therefore, it may support the utility of the caudal vena cava/aorta ratio for determining dehydration status or volume depletion status in dogs.
In our study, significantly volume-depleted dogs showed a decrease in several ultrasonographic caudal vena cava/aorta ratios, corresponding to the IVC/aorta ratios in human studies.
The several ultrasonographic measurements and techniques of the IVC diameter have already been reported for estimation of intravas- Our study used furosemide administration to induce marked volume depletion. The terms "dehydration" and "volume depletion" are commonly used interchangeably, but dehydration signifies the loss of pure water, while volume depletion indicates the loss of both sodium and water from the body. 19 Furosemide administration in this study resulted in an increase in total protein and albumin in blood, as well as presentation of clinical signs consistent with dehydration in the dogs. 3 The study was limited in that the sonographer was not blinded to the scan timing or furosemide treatment status. To minimize measurement bias, the imaging measurements were read with part of the screen covered, making it impossible to see the value during measurement. Interrater reliability for ultrasonographic caudal vena cava and diarrhea were not considered. It is also unknown whether current findings would be generalizable to other breeds. Further studies would be required to determine whether these and other outside factors would affect caudal vena cava/aorta ratios in canine patients. Additionally, the response to the same dose of furosemide could be different between individual dogs. 20 Ideally, the measurement time should be determined by the degree of volume depletion, rather than the amount of time elapsed; however, it was difficult to establish an appropriate time, because of the differences of velocity of volume depletion and the subtle changes in body weight between the objects. Further studies would be needed to evaluate ultrasonographic caudal vena cava/aorta ratios at accurate measurement points reflecting significant dehydration. We described a novel, standardized ultrasonographic technique and window for obtaining the caudal vena cava/aorta ratios in dogs, but we did not assess the interobserver reliability of this technique.
In conclusion, the present study identified a significant negative correlation between volume depletion and caudal vena cava/aorta ratios estimated by ultrasonography in dogs. The feasibility of this concept and the new technique for assessing volume depletion evaluation using caudal vena cava/aorta ratios based on ultrasonography has not yet been reported in the veterinary field. This preliminary study suggests that the caudal vena cava/aorta ratio measured ultrasonographically can be used for identifying the presence of a dehydrated state in dogs,
as an adjunct to the current dehydration evaluation methods. In future, this approach should be assessed in a clinically affected canine population and the reliability and repeatability of the ultrasonographic technique should be verified. 
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